
1

Time-Series Clustering 
and Association Analysis

of Financial Data

Todd Wittman
CS 8980
12/4/02

Stock Clusters

• The NYSE classifies each stock into an 
industry, or group, based on where the 
company generates the most revenue.

• Computer Software, Pharmaceuticals, Media, etc.

• Looking at a historical record of the price 
data, can we determine which group the 
stock belongs to?

Assumption

Our clustering will be 
reasonable if and only if a 
stock behaves like the other 

stocks in its group.

Applications
• If our clustering is good, then this implies 

that stocks tend to move as a group.

• Clustering a portfolio could determine 
which stocks dominate the portfolio.

• If a stock is misclassified by our clustering 
algorithm, then that stock behaves more like 
its cluster than by the NYSE grouping.
– The NYSE grouping is based on reality, but the 

stock market is based on perception.
– GE, Honeywell, AOL Time Warner
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Training Data
Media & Advertising Internet Healthcare
1. AOL Time Warner

(AOL)
14. Yahoo! Inc.

(YHOO)
21. WebMD Corp.

(HLT H)
2. Walt Disney Co.

(DIS)
15. Overture Services Inc.

(OVER)
22. Medtronic Inc.

(MDT)
3. News Corp. Ltd.

(NWS)
16. EarthLink Inc.

(ELNK)
23. United Health Group Inc.

(UNH)
4. Clear Channel Comm.

(CCU)
17. United Online Inc.

(UNTD)
24. HCA Inc.

(HCA)
5. Liberty Media Corp.

(L)
18. Priceline.com Inc.

(PCLN)
25. Baxter International Inc.

(BAX)
6. Fox Entertainment Group

(F0X)
19. Covad Comm. Group

(COVD)
26. Boston Scientific Corp.

(BSX)
7. Gannett Co., Inc.

(GCI)
20. CNET Networks Inc.

(CNET)
27. Stryker Corp.

(SYK)
8. Tribune Co.

(TRB)
28. WellPoint Health

(WLP)
9. Metro-Goldwyn-Mayer

(MGM)
29. Guidant Corp.

(GDT)
10. Pixar

(PXR)
30 Tenet Healthcare

(THC)
11. IMAX Corp.

(IMAX)
31. Universal Health Services

(UHS)
12. Viacom

(VIAB)
13. Sony Corp.

(SNE)

Data
• Gavrilov et. al. (2000) clustered stocks by 

looking at price deviations (first 
differences).

• But this is not a consistent measure.
Ex StockA: $100  +$1 Buy 

StockB: $1 +$1 StockB

• Percentage change is more consistent.
Ex StockA: $100  +1% Equally 

StockB: $1 +1% Profitable

• We will use weekly percentage change.

Data
Gathered weekly data for 3 year period (11/1/99-11/1/01).
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Distance Measure
• Let     denote the percent change from week t 

to week t+1.

• Euclidean Measure

• Too sensitive to noise and outliers.
• Normalize data

– Method 1: Stock-based normalization
using mean, std for each stock over entire time range

– Method 2: Time-based normalization
using mean, std for the week across all stocks

d(i, j ) = Pi (t) - Pj (t)( )2
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Data Normalization
• Normalize using weekly mean, std.

Week 1     Week 2 Week 3  Week 4

Then stock market tends to move as a whole, which makes 
detecting differences and clustering more difficult.  Time-based 
normalization may help correct for this inter-dependence.

Pi (t)

Pj (t)

t

t

MIN (Single Link)

Most of the Internet stocks were put in their 
own cluster.  MIN is sensitive to outliers.

MAX (Complete Link)

We can see the desired clusters, but a cutoff would 
give clusters with only one stock.

Group Average



4

Ward’s Method

Again, we can see the desired clusters.  But a 
cut-off would put many of the internet 
stocks in their own cluster.

Results on the Training Data
• All hierarchical agglomerative approaches placed 

several of the Internet stocks in their own cluster.
• MAX and Ward’s Method separated out the Media 

and Healthcare stocks reasonably well.
• The Internet stocks are just too volatile to cluster.  

The stocks move as individuals,                                
not as a group.

• Interesting  (mis)classifications
– WebMD behaved like an Internet stock
– Gannett & Tribune were put in with HealthCare
– EarthLink and Yahoo always formed a cluster

Distance Matrix (Ideal Clustering)

Media

Internet

Health
Care

What is a Neural Network (briefly)?
A neural network is a weighted graph.
Goal:Given a set of inputs X and desired outputs 

T, determine the weights s.t. X generates T.
Idea:Similar inputs will give similar outputs.

Training: Set weights to minimize                                       .
Training is very expensive computationally.  If there are x input 
nodes, t output nodes, and p hidden nodes, then # weights = (x+t)p.

X T

Hidden
Layer

TNetwork - TDesired
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Clustering by a Neural Network
• The input will be the weekly percent change.

• Output node i will be the probability that the 
stock belongs to class i.

Ex Disney

1   MediaPi (t)

Giles et. al. (2001) used a NN for stock prediction.

0   Internet

0   Healthcare

Results
• p=10 hidden nodes
• Used sigmoid activation function

• Trained NN on the 31 stocks using 
Levenberg-Marquad algorithm (multi-
dimensional steepest descent).

• NN correctly classified 24 of the 31 training 
instances (77%).

• We have to get better results on the training 
set before we can hope to perform well on 
actual test data.

Pros & Cons
• NN training takes a long time, but the 

classification is very fast.

• Could get ambiguous outputs.

• Cannot handle missing values.
• Can only identify groups we have trained it 

to identify (Media, Internet, Healthcare).

0.7Pi (t)

0.7

0.7

Association Analysis
• How do the industries correlate?
• Each of the industrial groups has a Dow 

Jones index, which is a weighted average of 
the top 30 stocks in the industry.

• Ex Dow Jones US Automotive Index

• Weekly data was gathered over the period 
of 3 years for 23 different indices.  Again, 
we looked at weekly percentage change.

• We wish to generate a set of rules that tells 
us how the industries influence each other.
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Index Data
DJI (Industrial) DJUSAE (Aerospace)
DJUSTL (Telecom) DJUSSW (Software)
DJUSEN (Energy) DJUSFN (Financial)
DJUSBT (Biotech) DJUSPR (Pharmaceuticals)
DJUSAU (Auto) DJUSCN (Construction)
DJC (Futures) XAU (Gold & Silver)
TYX (30 Year Bonds DJUSSC (Semiconductors) 
IXIS (Insurance) DJUSHC (Health Care)
DJUSMP (Medical) DJTMDI (Media)
DJU (Utilities) DOT (Internet)
DJUSCH DJTRET (Retail)
DJT (Transportation)

Market Basket Data
Each week is a “basket”.  The “item” is the index going up or down.

Week 1           Week 2            Week 3Baskets
Week 1: Media Up, Internet Down, HealthCare Up
Week 2: Media Down, Internet Up, HealthCare Up
Week 3: Media Up, Internet Down, HealthCare Up

Media

Internet

Health
Care

Only count the “item” if the percent change exceeds some threshold. 

Week 1           Week 2            Week 3Baskets
Week 1: Media Up
Week 2: Internet Up
Week 3: Media Up, Internet Down, HealthCare Up

Media

Internet

Health
Care

Market Basket Data: Threshold

P

-P

P

-P

P

-P

Rule Number Index
Up Down

1 DJI 2 DJI
3 DJUSAE 4 DJUSAE
5 DJUSTL 6 DJUSTL
7 DJUSSW 8 DJUSSW
9 DJUSEN 10 DJUSEN
11 DJUSFN 12 DJUSFN
13 DJUSBT 14 DJUSBT
15 DJUSPR 16 DJUSPR
17 DJUSAU 18 DJUSAU
19 DJUSCN 20 DJUSCN
21 DJUSSC 22 DJUSSC
23 XAU 24 XAU
25 TYX 26 TYX
27 DJC 28 DJC
29 IXIS 30 IXIS
31 DJUSHC 32 DJUSHC
33 DJUSMP 34 DJUSMP
35 DJTMDI 36 DJTMDI
37 DJU 38 DJU
39 DOT 40 DOT
41 DJUSCH 42 DJUSCH
43 DJTRET 44 DJTRET
45 DJT 46 DJT
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Results
Support Threshold = 0.25
Percent Change Threshold = 1%
Pairwise results sorted by confidence X � Y.

X Y support confidence
8 40 0.4 0.9254
16 32 0.2645 0.8723
32 14 0.2774 0.8431
8 22 0.3613 0.8358
22 40 0.3871 0.8219
7 21 0.2581 0.8163
7 39 0.2581 0.8163
32 16 0.2645 0.8039
20 46 0.2774 0.7963
14 40 0.3032 0.7833
42 2 0.2645 0.7736
12 2 0.2581 0.7692
22 8 0.3613 0.7671   .......

Top 10 High Confidence Rules
1.)  Software Down � Internet Down
2.)  Pharmaceuticals Down � HealthCare Down

3.)  HealthCare Down � Biotechnology Down
4.)  Software Down � Semiconductors Down
5.)  Semiconductors Down � Internet Down
6.)  Software Up � Semiconductors Up
7.)  Software Up � Internet Up

8.)  HealthCare Up � Pharmaceuticals Up
9.)  HealthCare Down � Pharmaceuticals Down
10.)  Pharmaceuticals Down � HealthCare Down 

Interesting Results
• Unexpected Rules

– Automotive Down� Internet Down (.707)
– Biotech Down� Semiconductors Down (.271)
– Transportation Down� Insurance Down (.631)

• Groupings
– Software, Internet, Semiconductors, (Telecom)
– Biotechnology, Pharmaceuticals, HealthCare

• There were no rules where one index went 
up and another went down.
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Thanks to Michael Steinbach for his help!
That’s All, Folks!


